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ABSTH:\CT 
Hl'l'l'll t ,,!,,..~ n·a !lorh and clleolrrf.'s 1m plrca11n~ long- 11;1 1 e ull rm wlt>r nuli(IIIIJil t. !:!II lf)r 1 nm 1 
a" the ,..lllntilu,. lor vanou, plwnunwnu 111 human ,kin h:l\.l' prompted u,.. to 111\l'Sllgate tlw 
en thl'll10IH'nit· prnpl.'rll!''- PI mHidle-1 I \ ' HI and l11ng I t \'-,\1 \HIH' ultra\ ioiE.'t ltl!hl 
rombinat iw1--. 
Thl• ha('k,.. nl lair-.,kin1wd human \olunH•t.>l'" \1ere m·ad1ntt•d 111th 1an ing dn"l'" ol l'\' .-\ 
and I \ '-H to dt•tc>rmilw tbt· lllllllllltll JWn·t•J.ltihle cntlwmn r;\IPEI do,t• in each nl thbt· 
'' 11\ l.'lengt h rl.'glon,... Thl' ,..uht(;'d,.. then n·<·ei1·ed 111 erla ppi ng- ~~~hen 1 ht•mal du,.,t•" ol l ' \ -:\ <1lld 
l'\ -H in (;'ilt'h ol "l'\!·ral 'Ill',.,. \\ hen l \ :\ wn, held t"lllhtant <mel l'\'-H \\,t,., n\rled tht· 
oih(;'rll'<l hrt>akpnmt d'"'l:' lt•nN~\ at 11hid1 .\fi'E "<1" "l'l'll 111 douhh Irradiated s1te~1 
quantlliltl\l'h clc·nwn-.trattr.l an adchti~t• phPnnmenon \\'lwn cnmbtned <'lll'rgle, apprnarh 
thr<•-.h11ld 1'1'\tht•ma \ilhtt''· I he known l·nt11l'lllll~t·nir prnpprti!•,.. ol hi~h-do~L' l ' \ -A an• 
nddlll\l' to 1 he -.ubrlrn~tal or' tstl1lc• N\ tlwma indun·cl ll\ l \' B. 
Lonl(-\\'il\t•ultr<l\lolt•c radi•Hioll t l '\ -.-\. 'l:!ll IIIII 
nm1 . prt•\ inthh- t houl{ht tn ht> illlllll'll"ll" to normal 
human ,kin, ma~ artually he pla1 1ng a nwtor roll' 
111 mum lrght mdUtNI pht•nomena Hl'n•nt "llldu:s 
implirate l '\ -A ;t-. a '-llllHtlu,.. lor lltll11t'dtate pig 
ment durkrnin:.: and nwlanog-t•nt•-.i,.. II ti 1. 111 t hr 
indul'tionnl l'l'rtillll drug- photo»t'lblll\ ttie;.. [.1. ";, K] 
I phntlltiiXIt and phntllallt•rglt rf.';H'llnn,.,l. and 111 
111/lll\ ntlH'r photnlunl11gl!· n•at'llltll-. nl unknm\11 
N inlog1· I e.g . poh-morphir phntndermat""<'"· '<cti<H 
urtit'ilrtill I"; H]. Long \1:1\e ultra\ioiN ltght ,..1:-t•m:--
al,..o w en hum<' l'\ B I :!'lO .1:!11 nm 1 c;m·lnol{ene"'·' 
in lahoraton antmab 1111.11]. Tht•"e lmdm:.:" hn\1' 
dtrl't'tl'<l ll111rt' atll'ntton tomarcb thl• lundaml.'lllal 
n,..pt't'l" 11! rutnnL'IIlt,., rl.',..pon,..c Ill long-\\aH•ultr:nt-
olet ltght. 
llnu,.,,.,l'r and \ uhlt· It:! I II lir,t dt•-.t n lwei tlw 
wc>uk t•r,th!·mot,:t•ntt' pr<qwrt\ ol l'\' :\ in 1!1:!~ 
Tht•\ t•om purt>cl till' t•n t lwmogen It ellt•t·t ~ nl :!!!";. 
:lJ:t :n1. .lti.-,. 111;1, and t:lli nm radiation on the skin 
ol nnrmal 1nrli1 iduab. Tlw t'lll.'l'lill•nc·s~ ol :11.1 and 
:tr;:-, nm '''"' appro,lmatt>h 1..'1 and I . re,.,p(•t 
lin·l.\. 111 lh(• ma\llllillh t:ll<·cli\P wan•length 1:!97 
nm It Ft!! II. In <1 ,.,llld\' attPmptin~ to dPmllthlr<ttt• 
phonort'l'll\l'r\ plwnnnwna In ttltra' 1nlt>t t•n thema 
t:HIII nml h\ lnn:(-II'H\t• ultr:l\inlt·t and , . .,.,1hlr· 
radi:tttnn 1:t:.!tl .·,oo nml. \'an dt'r Leun and ~loop 
[1.-,loh-,er,Pcl that wlwn :11111 nm irradli.ttiPn \\;1,. 
jHl't'toeiNI l11 l'\)lllsUrt• 111 hltl'rl'd .._unlight. tlw 
irradtatt·d "Ill'" t•\hdJitt·d an innt•<ht•d "t'lhitt\ 11' 
'":lOll nm racl1atilln. Thbt· 111\l'"l'!!"tnr,.. ht•llt·\l'Cl 
that tht·n• W<h an addttion nl th(• l'r\tiWnH>:!\'111!' 
\lanu-rnpt rt·t't'll Nl .):WII<If\ :!. lfJ7 I. in n.,.,,,.tJ Jr>rm 
April.-,. 1\171. •"'' <'llll.'d lor puhltnllloll Apnl !1. IH7-l 
Th,, work"'"' 'llflportt>d h, l . ...,l'll:-. (.nm • 
HOI ('a o:,tHI:\ lrom till' 'illtllllill (\mct•r (n ... IJIIIIl 
· From tht Dt•p<lrttnl'lll ol Dt•rm-'1"1":.:'. f! arqord 
\ledtral :-\!'h•••l. \J.i,."tt·htN•tl' (;t•m·ral IJo,p ttal. Ho~· 
tun. \la,..sat·hu~t·t h II:! II~~- tHt•tHIIll tt>qm•,h t11; llr .John 
A Pttrrhhl 
dk<·h 111 .lOt/ n m and tlw lull,!!- u .1\ t•lt•n)!l h ul t r;t\· io. 
lt•t t·omp~tnl'nt ol t lw lilt(;'red "unll)!hi. 
Hl·n·nth. \\till,.,. !\Iigman. and Ethtt•tn llli]. 
both rlltlll'alh and 11111 rn,.,rntm·afl~ h~- rnut1nr 
histologir nnd autnrndingwphtt tethnlqllt'"· ha1e 
l'\aluatt·d till' re-;potbt'" ol human -.ktn to long-
''<l\t' ultra\lolct radtalloll tl'\' .-\ ). l \ A plt1,., 
..,unhurn rarliat1n11 tl \ Bl.and l \.Balont•. Tht'lr 
~tb-<t'f\<liJtlll' mclll·<lll' that l ' \ ;\ rndiati11n hn-. a 
"tnk1ng augnwnt;lti\t· t'llt:t l 1111 -.unhurn dnma)((·. 
Tht'- llltrn•,ttng lmdmg that pn•lrntdtnlt"n 111 nor 
mal human '~trt 1\·irh l '\ :\ au!!ment" 11~ ~lhl'('/)11-
btlity· to l \ '. H 1:!~!1 :\:!tl nml rrytht•nw ha~ 
prc>mptt'd u,.. ll> m~t•,.ugat<' thl' t•nthtn11l!!l'111< 
prll(ll'rltt'"' ot l'\'-;\ l '\ -H light eomhtn•Hilllb. 
\\t• would likt• 111 ~ug:.:e,.,t that the kno\\11 NV· 
tht.'l11ll}:l'l111' ptopt'rl\ ol l \ -:\ '" •tddlll\l' tn ~ub­
l'linilal or \ls1hlt• l•ntlwnw 1nclun·d IJ,- l \ '- H tn 
t ht• L·r~ t lwma t hn• ... hold d11"l' ran!!!':,. 
'\t \TFHII\1., A'\(} \lflllOil._, 
lhr l'l'lilll\t·ly ltntanned "ktn on tlw barb ol :!tl 
l;nr--,kmm•d ('au<"<J-.Ian,.. "'·"' trrndwtecl w11h tlw 
\Hfi<HI:- l-<Htn·e,.. 11ll'\ A nnd t \ H ll,.,t l'cl in Tablto 
I Hoth tlw ""lar and xt•non arr "''unh tSolar 
Simulator I 117] produl'e t•nni111UOL1" spel'lral 
emi~sion~ lrorn ;-.horl tdlr<l\ ioler !IIUOIIH' inimred. 
S11lar raclwtt11n that reat·h<·s tht• cunh', "urlan· ~~ 
modulated h\ ,, hnndp<h, ltlu·r <·ompn,l'cl ol 
ntmo,..phent t•zom• at thr· l<m end ll'Uto!t- :l!l.i 
nmt and water 1·apm at t ht· h1!!h end 1 cutotl - I 00!1 
nml. ('11n,..t•qttC'nth. lrttlP tnlrar('cl and no ,.,hnrt-
\\<1\l? ultral'inlct I< :!Htlnmle11N)(\ pa,.,,.,l', thrnugh 
tlw atmusph<•n· 111 rt•arh tht· P<Hih s -.uri<H"t· lnlrn-
n·d is ,.uhtntrttcllrom tht• \t·11on are wdilll111n with 
u halt -,.,iht•red didmut mtrrnr Jill]. The 
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high-pre~~ure rn(•n·un· lamp i~ a semiC'ont 1nuou~ 
spectral ~ource conslstmg ol h1gh emis~ion line~ 
fimportant one~ are at :?~>:l.l). :l9H.";. :ll:U. :l:l-1.1. 
:l6;) . ..J nml and a continuous hm-le,el back}!round 
emission. The spN·tral emission ot special!~ con-
>-lructed blackhghl lamp,. fFi~. :?1 i:-. primanl\' 111 
the l"\'-:\ wa,·elrngth region. 
All light inten,.ities in the l '\ H and l'\'-:\ 
spel·tral ranges were nwasurrd \\lth an Interna -
tional Light mode•! !lllll photomt:'ler w1th PT-100 
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FIG. I. Er~ th~11111 at·t•un -..pectrurn tor human ~k111 
(nuw luJ!anthnur \ 't•rtH·ul ux1sl. From Fi~rher nnd ~ulu­
mon. "Phv<iolngic F.ltectl' nl l'ltranulet Hndintlon" 10 
Therapeutic Ell'ctricnv ancll'ltra\ wlet Radiaunn . l.'diiC'd 
by Sidne~ L•rht . published bv Elizabeth Licht, :\e\\ 
Ha,en. Conn. 1959. p 259. ReproducE'cl with perm•~~•nn 
of Elizabeth Licht. publisher. 
I • 
-. . 
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FIC;. :! ( haraden-..llt'' ol l'\ \ hghl '"IJrt·e u ... ed in 
photuaddltion t·Xpl•riment . • · light tran,mi"ion 'PC'<'-
Irum ol lllllnr lilrl'r. flllh'-lon spet·trum ol hlm·k-
lighl 
probe. quartz dilltht-r. 'lnd tilll•r,., t \\ H-.1!10 and 
\\'H.;I:>OI. The "Pt'l'tral nngf:,., nl l \ -A and l ' \ '- B 
\\en· achi!'\NI h' thing lilter~ IJ,.,t t•d 1111 able I. The 
:--idwtt \\'( ;.;l..J;, fdtt'r t'Ut-.. olf 1 ab,orhs! wa,·e-
ll'ngth,., below 'l:!ll nm and ha~ it,. hall power 
tran:-.mi,.,.inn pn1111 at .l:ll nm. The :\1 . .-lar 1 ;\[arlin 
Prore-....~ing Cn.. \1 art 111'' II [(•. \ 'Jrgmw 1 U,.l'd i>-
simllar. with <1 :ll nm cutnfl \\a\elength and 'l:?:? 
nrn hall -pll\\<:'r point. The International Li~tht 
:\ H-.lflll and '\' R-:?H7 art· narro\\ handpn-.,., tilt <'r~ lor 
l'\'-B. A dear acetate filter !Celutone Plastl<·s. 
lnt· .. :\ew York. \.. Y I lransnlltting \\U\t'length .... 
greater than .!flU nm. W<ts u-.ed to elimlnc~te >-hori-
wav<' ult ruviulet radiation ( l'\' ('I All II Iter C'har 
acterbtiC':-. wen· measurNl with a Hau,.c-h and Lomb 
i)O.; recordmg .... pectrophotometer. 
The t\ pical irradiation format 1\i.J>- to admini,..ter 
LJ\' .. \ flr,.,J. follm1!'d irnmedintel.\' by l '\'-H tn the 
,.arne ,.,Itt' E:H·h of th~t' douhl\ e'\po>oed ,ite:-. 
frl:'lerred to <1" "il(t' AHI \\lh thl'n l'ompared to sitC''-
T:\BLt: I 
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re('c•ivinJ.{ tlw l'\'.,\ (:-itt· Aland l'\" -H l,;ite Hl 
dose,; onl~·- :\l1nimnl perrt?ptihl<· N\thC'nw t:\ IPEt 
was u"ed a:- an endpoint tomlllimlzc• dilf"icultie, 111 
e,·aluatin;,! dilleretH'I:'" in degree:- of" ervthema. 
\ ' i,;ual rE'ad1ng-.. <lldt•d h~ dlnst•op~. were takc•n 
IH :! I hr pn;.t ('\po-.ure. Enthema ohsen·ntion" 
were mack 11ith natural sun lt)!htlllg. At le:lst l\\tl 
im·est igator ... agrel'd lwlore rc·cord111g the :\ I PE. 
RESI'LI!'\ 
Figure :l :-umnwrize~ a n expenmt'nt tn "htch 
L'\' -A C'r~ thema wos elici ted h\ ,..o[ar radiation. 
The It'll two-third-. o l t'<H'h large rectHngle ,,a,.llrst 
exposrd tn mdiation nl u certain dmatwn. ThC'n. 
t he nght two-third:- ol each rectanglP recel\ecl 
a not her n xed dos(' of ... nlar radiation. Then• lor('. I hp 
middle 1 bird ol each r!'ct tt ngle "a, rlouhh exposed . 
By using :\lylar rilters t>. < :llK ntnl. the e lle<·ts ol 
combinations ol L'\' A <tnd L'\' -H l'Ould he im·e:-Hi-
gated The re,;ult,; 10 hr post exposure <Ire pre-
sentC'd 111 Figure·~- Long-"a,·e ultra,·iolet induce" 
erythema \\ht>n thC' l'\'.:\ dose' i-. l-(reatrr than or 
equal to :l hr 1-IU.l )ottll'-.!t'lll 1 l: L'\'-R t>r) tlwmn"' 
pre:-.ent with dust'!-' grea ter than or equal to :W mtn 
I -iG lll.JOIIIC's/rm'l !IK]. II 1~ important to note 
that the er1·thema re;. pon~e in doubh trradiated 
si t t>s "'lS qualitati\'C'I) rnmparahlr to the :-;um of 
1 he re:-.ponse» tn 1 hl:' 1 \\o ron:-.t iluem. :-.ingly irradi-
ated site:-. rrgardle,.,s ol lhC' 11mriC'ngth rC'giuns 
includrd. 
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F1c:. '1: ~ulnr l \ '-A l \ -H uverlapp111~ s4unre;. \\llll·h 
permtt clett>rmmutwn ol I he addtlll'<' tor\ themof!l'lllt' 
effects nf L' \ '.R 12~0 :I:W nml and L'\' A 1:l:!ll 100 nmJ 
radint inn. A l '\' A olhtalnrd b1 equal cxpo,.ure time:-. 
helnre nnd alter ,ol<~r zetuth on a .Juh da\ in Bust11n 
through m,·lnr filters B l'nliltcrcd noontimE> Roston 
sunltght 
r 1' T 
_L .L 
3h # 
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I 
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In a suh~l·quC'nt :-er1es nf rxperiment., 1181. we 
ill\'esttgmrd th<~ elft't'l>- of a larg-e ra nge ol Ll\ '-A 
etl<'rgiC'-. <lll l'\' -R c·r~ themn . The l '\'-R do,.es 
\arted from ju:-.t hehm to well ahme \IEDu (mllli-
mul C'r\th<•ma cln:-e nf l 1\' -B energy requ1recl to 
produre minimal perrt?ptihle er_\'thema l. It wat' 
shown that llll mattrr \\ha t the light ;.ourc·e. when 
the amount-. ol l 1\ '-A energ\' in eath ol .t:; AH site::-. 
on 9 suh)el'ls ranged from 0 .. ) 10 joules/em'. there 
wu:-. llC'\"C'r a difference in the eryt hema response ol 
>-itt's AH and H t>-ite A negau,·el. \\'hen l '\' . A dnses 
grC'ntc·r than 10 jnuiC's/cm' and I\.IED,.. of l '\'- R 
\\t're used. site AH ll<'gan to shcm an inneased 
erythema whl•n rompllrc·d to s ite 1:3 hite A nega-
tive ). Thi:, rt>lat innship eontinued as the U\'-A 
energ-\ wa,.. mcrea~ed furth<'r. but when 1.5 20 
joules/em 1 were reachecl. si te A also began to show 
er~·thema. An example of the::-.t> nhsN\'ation:-; ts 
presC'nl<'d in Figure ii. :'\otr that H- and 11 -min 
{ L 1.0 and L5.8 joules/em 2) doses or xenon L:V -A do 
l'ause an incrpa,ecl response to \IED H. but that 
L .,. -A erythema i~ manifest in slightly high<'r close,,. 
I 1-l min or 10 joule,..fnll 2 ). 
The,..e ob~en·ntions can be exiJiained 1f the 
enthemogenir eff"eets or lf\'.A and l ' \ '-H are 
addi tiw . II this i-. the nl!-'e. gi1 en uny suberythe-
mal do;.e ol l ' \ '-B. onC' should he able to predict the 
t '\'.A rnergy required to cllu~e minimall\ perC'epti -
ble Pryt henw ( MPE l when added to the sa me s ite. 
The L \ '.A or L'\' -H energy admini::-.tered. ex-
pressed a>- a lrnrt ion or 1 he energy required to cause 
:\1PE. is a mea:-.ure nl expected erythemogenie 
etllrienry. Lei l "11 or l l, reprel'rnt any energy doo;e 
oll' \'.H or l '\ '-A respeetivel\. Phntuaddition im -
plit>s thnt an~ energie~ CL\, and l ' d from the two 
"m elengt h regiotb expressecl lh frac tion,; or the 
cluse <·au~ln~ :\I PE (called :\lED 11 for l '\' -B: \1 ED, 
for l l\ '- Al ran he added. Thu;; il <U,/MED,l • 
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Fu •. ;;; Hpsult,. ol 'l'non !Ht L'Xpt'rtll1l'nt 111 11 htd1 l '\' A 
du~p, rangl' from 11..-,.J"·""~·nn 11-1 mtnlto :10.:! f<JUlt's. 
t•m· 12:! mini. ;\JI•:Ds ol l'\' B I r: ~P<'I <lTC used ('olumn 
A B rt>tlr .. ,.Pnl' .tdcllll\ t• t•lle•h ul er1·1 hL•mo~I'IH!sts. 
tl' .. .'\IED 11 t ''lor grtatl't', enough L'ntht•nH•gt•nt -
call~ dtint·nt t•m•rgv ,.houlct lw prt•o.ent t11 cat~>-l' 
rectnes-. Ill the· douhl~ irradtatNI ,.,lf{'. 
Thi,., hypot he:-1,. 11 a:-£'\ nluatrd 111 an rxprnmrnt 
presented in Fig-tm• 1). Each hortzontal rc·rtangll' 
fir,.,t rrrel\ed a :-pr{')flr trnrtwn of the ,.,uhJ('rt',., 
pre1inush· dl'terminl'd \lEU , Ill toule-., 
t·ml-hJaeklig-ht ndw~l. Each ret·tanglt• t ht•n rt• -
eeiq>d a rangP o! M•non ll,. ll'm·(p,.,) approximating 
lhe dn»e neres:-an to make• tl 1/l\IED ,I t l l, 
MED,.t I. Tlw ,..tatlstlt'" tor tht' L'\perimL•nt an· 
pre>.ented in Table II. !'he tour doses ot l \ A and 
corresponding I met ion-. of :>.I ED 1 are listed 1n 
t·olumn" I and :1. Column :l l~»h the prcclirted 
value:- ot l,, sueh that n· / :>.IEI> ,t t l 'tJ \IED , 1 
I. Column lt·m11a1n,; theactuall ',. llreakpotnt 
dose~ tor 1\hich l\lP~ uf the doubt~ trradinted ~ite!'. 
wa, detected. All srle!-. \\ith l' 11 do,e~ g-reater than 
thr breakpoint do~e ll'l're pos1t11e lor enthema. 
whtle all ,.,ite~ recl'i\ Ill!( "maller rJo,e,; were ncga 
t ive. \'alue~ ol tl' ,./l\1 P.D 111 u,.ing 1 he ob,ern•d 
breakpoint U 1 are found in column ;). Column H 
list~ the re;;ulting sum ol lractions (U J l\lED d 
cU .. I:vtED,.) for each l ", energ~ le,·el. The !net 
that the ohs£'f\ ed hreakpr11nt" allo11 tl ' ,/:\1 ED 1 ) 
(U ,,/MED 11) to approximatt• I supports the <"orn·epl 
or phntoaddition. 
In a final "!'rtf'" of expl'rtnwnh. the etlect ol 
re,·er:;in~ l11P L', plus l 111 ordrr of trradrotlon 11 n" 
t•xarninC'd. A l~ pica! result i" presentl'd 111 Ftgure I . 
··A·· repre,.rnt~ - 1 MED , or G.Hjoules/rm 2 ot 
l\ lylar -fi ltercd hhwkhght tuh!' rncliation t;'iO mint 
"R" denotes nretatr-filtt'red high-pressurt· mt•r 
cury lamp radiatwn rdo,.es Hre laheledl. The lour 
,ill'" com pri~1ng f:'aeh hnnznntal nm wert' gi1 1:'11 i h£• 
'penfird l 1 dose slmultuneou,h; tht•l ' \ -H inll'll· 
>-II\ ,ll l'<U'h ,itt· II<~, JllNhtlrl'Ci and l'IJII!Iliz(•d JUS( 
pnnr '" t'\IJil>-Url' Tht• "'!!111t'i<"ant tind1ng ts that 
l ht•rt Mt' rwgligihlt• dillt·n·nl·l'" 111 t ht· t'f\ 1 hl:'mu 
re-.potbl'" "' 1'olt11n ns :\ B ,111d B A. Tlw 
"h,enNI breakpoint, in b11th of llw..,t•column~ \I'll' 
l.i mJottll',., t·m !:?.-.. "l't 1 11r h,dl ol tlw :>.lED,;, 
dt•teut·d in l'"lumn-. " lr'. TJu, 1s n•n...,l~tPnt 11ith 
phot,.aclchtuon ,.illn: 1 ht· l ' 1 dn,.,t· - :\lED ,. 
rllsrt s;:to"' 
l ' \· .,\ 1,., ah,ut :!till !OIIItmt·~ k•...,,.. <•rythrmng<•ni 
calh· ellirient than l"\'-H j:l]. Yet , th~ role nf l ' \ '.A 
in sunburn and photn>-('l1~il i1 11\ react 1011-. t·annnt 
be 1 ~t10red dut•tothr reh11 11 Ph- high l ' \'A intC'tt:-itY 
pre>.<•nt in ,oJar radiminn. In propc•r pt•r..,perti~t~ 
the rnllr<• ~ola r l \" A :-pee tn11n nul\ he· <b much u~ 
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Erythema is present in sites marked "X" 
Flk ti: H<·~ulh ol photoadchtion t'XJll'nmPnt illu>trat 
in~ l 1 - l , -:'II J>K Sill's 11 hPre 1•ryt hem A was detected 
arc• shm1n h~ ®. 
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,., a~ l'llt>t'll\l' in prodm·tn l{ en tht•nut a:- solar l \ -
H ,.,p e!'t ru m. In romhination. tht• rr~themngt•ntt' 
propt'rl~ ol htgh-doo.,(• l \ -:\ appNtr-. to ht• acl-
dltl\l'. and not augnwnt;Hi\e to ,uhd1n1tal or 
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Tlw nnt1o11 ol photoacldt tlon 11a" lir-.t "uggt•strd 
hv Adn 111!- et .II 11 n I in )!J:ll. ~ .. , rt• l'l al I:!IJ I hm e 
:-hcl\\ 11 e\'ldt•IH"l' ol photnaddttlnll o l :!.-,1 and :!B7 n111 
ultl'il\ wlt·t hghl. Our \\'ork ..,uggl':-t:- that long-lla\ t• 
u ltra\ 1oiN light t·an al:-n Ill· llll'luded 111 the pho 
toaddlll\ e pht·nni1H.'1Hl. 
It ,,.. rt·a,.onahle that dlllt•n•nt \\ <1\l'lt•ngth,.. hll\l' 
dtlll'ft•nt N\ tlwnwl t•llt•t'll\l.'lll'""l'' not on I\ Ia· 
rause tlw1r nh-.orptlnn. rl'llt•t'lil11t'l'. dt•pt h nl pe1w 
trntion. and ... t'.llll'r diller. hut hl't'illl..,t· ah-.oqHtnn 
ll\ \ilrtou" -.ktn ron,.tllllt'lll' and rhromnphon•, 
Ill a\ rhllt•r t·on-.ldt•rahh l 111 tl 1 he• t'\i\!'1 lilrl!l't 
:-Ill':-. rolt·~ ol nwdJator,.. and mechanJ:-111 ... o l ul 
trn' inlt'l damn~t· a re known. 11 ,,. rl'<l,lliHihlt- to 
preclu·t that 111 tlw rang<·-. 111\ l:' ... tll!att•d. tlw inllu-
e nt·c;. lrom \arwu .. ;.oun·c-.. path\\<1\,.,, a n d meeh 
tll11.._1ll.._ hH\t' Ml ,Hidlll\(' (•l ft'!'l 011 lhl' oh.._N\':Jhlf' 
colbrqtH'lll'l'. \ihndilat ;lllon 
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